A navegação consulta e descarregamento dos títulos inseridos nas Bibliotecas Digitais UC Digitalis, UC Pombalina e UC Impactum, pressupõem a aceitação plena e sem reservas dos Termos e Condições de Uso destas Bibliotecas Digitais, disponíveis em https://digitalis.uc.pt/pt-pt/termos.
Introduction
Studies on secular trends in stature are almost exclusively based on male data and most are based on military conscript records (van Wieringen, 1986; Komlos, 1987; Padez, 2003) . In European countries, the 19 th century male height increased rapidly until the early half of the 20 th century, slowing down afterwards.
This trend mirrors major improvements in living conditions of the Europeans. In Portugal this positive trend has been documented for the 20 th century, with an increase in stature of approximately 0.99 cm per decade, but accelerated only in the middle to late 20 th century (Padez, 2003) . Studies reporting changes in female stature are less frequent, since large sources of stature data from females are (Shatrugna and Rao, 1987; Sanna and Danubio, 2009; Wronka and Pawlińska-Chmara, 2007; Komlos, 2010) . Some studies found no secular trend (Shatrugna and Rao, 1987) suggesting similar degrees of malnutrition and environmental deprivation between generations, while other studies found a very slow positive trend (Sanna and Danubio, 2009) . In general, the secular trend in females is less pronounced when compared with males from the same country and period (Tanner et al., 1982; Kuh et al., 1991) . Social stratification is usually an important determinant of height and health status and income effects are substantial and persistent (Komlos and Kriwy, 2003) . In height and growth studies, the socioeconomic status of the individuals is usually estimated from indicators of the socioeconomic environment in which they grow and develop. The most common socioeconomic indicators are the income of the families, place of residence, structure and size of the families, occupation and, the educational level of the parents and physical environment (Entwisle and Astone, 1994; Cardoso, 2005 Cardoso, /2006 Wronka and Pawlińska-Chmara, 2007; Schell et al., 2009; de Beer, 2010) . Recently, a study by Komlos (2010) reported stature data from the American population, which includes female data with an emphasis on socioeconomic differences. This author analyses a very large sample from the National Health and Nutrition Examination Survey (NHANES) and relates height with socioeconomic variables, namely income and educational level of the individuals. Interestingly, the author describes a height decrease among African American women, resulting on a widening gap in stature between European American and African American females of 1.95 cm. The findings in this study confirm the idea that environmental factors, in this particular case, social inequality, the obesity epidemic and inadequate dietary balance, play a crucial role on stature change. In addition, both men and women of the low-income group were the ones where the height increase was higher, contrasting with the high-and middle-income groups, where height did not change considerably (Komlos, 2010) . This is in accordance with other studies which show that secular trend in males tends to be more marked amongst the lower social classes than in the upper ones (Padez, 2003; Komlos and Baur, 2004) . In Portugal, Padez (2003) found a difference of almost 4 cm in height between individuals of high versus low socioeconomic status. Socioeconomic status was based on parental educational level.
Considering the paucity of studies on female secular change and infrequent socioeconomic analysis of height trends, our study has three main objectives. Firstly, we wish to document the change in female stature using a sample of Portuguese women born between 1966 and 1982. Secondly, we wish to assess whether the individual's educational level, used as a proxy measure of socioeconomic status, influences changes in stature. Finally, we aim to compare height changes between Portuguese males and females during the same time period. To our knowledge, this is the only Portuguese study reporting changes in female stature based on recent data. For this reason, our study may provide valuable insights into recent changes in the Portuguese female height related to the improvement of the general living and health conditions that occurred in Portugal during the late dictatorship and early democracy years.
Materials and methods

The sample
This study analyzed a sample of 30,629 of women who gave birth at the Dr. Alfredo da Costa Maternity Hospital from 1991 to 2004 (Table 1) . During this time period, the Maternity collected biographical and medical history data from each of the women which were included in one single database. Stature was among the data collected, which is self-reported by the pregnant woman. The database also includes details of the delivery and of the newborn.
After excluding repeated records and cases not correctly recorded, the baseline sample is composed of 97,388 women born between 1938 and 1991. Since changes in female stature were assessed according to educational level, cases which did not report the women's height and their educational level were excluded. The sample was further selected based on year of birth. In order to compare changes in female stature with previously reported data on Portuguese males born in the same period we only analyzed the sample of women born between 1966 and 1982. For these reasons, the final sample is composed of 30,629 women. The distribution of the sample by year of birth is shown in Table 1 . Only women with a minimum of 18 years of age were included in the sample, to insure that growth in height has ceased. The large majority of pregnant women assisted at the Dr. Alfredo da Costa Maternity Hospital lived in the city of Lisbon and its surrounding urban areas, therefore, may be considered representative of the Lisbon urban area. With respect to ethical concerns for the use of this database, all information was made available in an anonymous form. The second source of height data derives from a male sample composed of 19,255 conscripts Between 1966 and 1986 the compulsory schooling in Portugal was only of 6 years, and in 1986 compulsory schooling was extended to 15 years of age (Ensino Básico). Although additional years of schooling lead to an obvious increase in the qualification of the student, it represents a cost for the families. All educational cycles, including the university, are state funded; however, schooling in Portugal is not completely free of charge. Higher levels of education represent considerable financial effort by the families, particularly at the University level. In the database, educational level was recorded as years of schooling, from 0 to 18 years. The maximum years of schooling recorded (18 years) assumes that the individual completed a University level degree. The possibility of errors when reporting the educational level 'no schooling' should be taken into consideration, since in the database the "0" might have been reported either to account women who did not go to school or wrongly reporting women who did not provide information on their educational level. Consequently, all cases reported as "0" were excluded from the analysis, including the group of women who, in fact, did not attend school.
Different educational levels as a measure of socioeconomic status may reflect differential exposure of individual health to either positive or negative environments (Komlos, 2010) . For this reason, the comparison of women's stature between subgroups that differ in educational level can provide useful information to understand the impact of the environment on growth and development, and, conse-quently, final attained height. These comparisons assume that women with more years of schooling originate from higher socioeconomic status families, therefore, had greater access to resources (e.g. like better nutrition, sanitary living conditions or health care) when compared to women with less years of schooling. In Portugal there is a strong connection between parental socioeconomic status and the education level of their children (Instituto Nacional de Estatística, 2010 Superior (University level). In our sample the secondary level is the most represented with 31.1% of the women having between 10 and 12 years of schooling, followed by women with between 7 and 9 years of schooling (26.8%) and university level (20.2%). Twelve per cent of women in our sample had between five and six years of schooling and only 10% of the women had between one and four years of education. 
Analysis
Means and standard deviations for female stature were calculated per year and broken down by educational level. Graphs were used to show the relationship between women's height and year of birth by educational level. Differences in mean stature between education groups were compared using an AN-COVA, with year of birth as the covariate. In addition, mean differences of height between the different educational levels during the period from 1966 to 1982 were calculated. Finally, mean increase in female stature during the considered time period was calculated and compared to that of male stature. All statistical tests were carried out using SPSS (SPSS Inc., 2008) and with significance level of 0.05.
Results
Results show that female stature tends to increase between 1966 and 1982 and those women of higher educational level are systematically taller than those of lower educational level (Table 2 ). Figure 1 illustrates the changes in mean stature in the women who attended school, according to five groups of educational level. Women with no schooling were excluded because they could not be effectively included (see above). A clear difference in height between women of different educational levels can be observed. Women of lower educational levels are consistently shorter than women of higher educational levels and mean height calculated per year of birth of women with lower education level never surpasses mean height of women of higher educational level. The mean difference between these two groups is 4.2 cm. However, mean heights overlap in groups with 1 to 4 years of schooling and with 5 to 6 years of schooling (for the years 1966, 1970 and 1978) , as well as in groups with 10 to 12 years of schooling and University studies (year 1979) . The ANCOVA results showed that there is a significant effect of educational level on stature, even after controlling for year of birth (F=83.86, p<0.01).
Data in Figure 1 shows that female stature increased during the time period considered, although not consistently, regardless of the educational level of the women in the sample. However, a decrease in mean height in women born in 1979 in every educational group can be visually detected, except in women with 10-12 years of schooling. After this year the mean stature seems to recover, only to decrease again until 1982, although reported mean height in 1982 is still superior to the mean height reported in 1966, with the exception of the 1-4 years of schooling group. Mean differences in height between consecutive educational level groups are 1.11 cm, 1.28 cm, 1.17 cm and 0.58 cm, from lowest to highest education. Women with 1 to 4 years of schooling increased in stature until 1978, decreased in 1979, and in 1982 were slightly shorter than they were in the beginning of the period under analysis, showing a mean decrease of 0.41 cm (p=0.6495). On average, women with 5 to 6 years of schooling increased 1.02 cm (p=0.1682), whereas women with 7 to 9 years of schooling increased 1.17 cm (p=0.0203), women with 10 to 12 years of schooling increased 1.07 cm (p=0.0566), and women with over 12 years of schooling increased 0.92 (p=0.6448).
When changes in female stature are compared to that of males born in the same time period (Table 3) , men and women born in 1982 are, on average, taller than men and women born in 1966. Mean increase in height among women born in 1966 and 1982 (0.32 cm) was approximately 25% of the increase in male stature (1.21 cm) for the same period of time. 1964 1966 1968 1970 1972 1974 1976 1978 1980 1982 1984 Year of birth
Stature (cm)
1 -4 years of schooling 5 -6 years of schooling 7 -9 years of schooling 10 -12 years of schooling University 
Discussion
The overall trend documented in our study is similar to the trend in height of men from Lisbon, born around the same period (Padez, 2003) . The positive findings on stature's evolution reflect the improvement in health and general living conditions of the Portuguese. During these decades living standards improve greatly. The creation of a strong welfare state, with the birth of the National Health Care System and of the Social Security System expanded virtually to all population, even to the most needed (Mozzicafreddo, 1992) . The Portuguese economy expanded in these decades, but income inequality persisted and, presently, it is still high when compared with other countries of the European Union (Instituto Nacional de Estatística, 2010). However, the time period measured is considerably short and a more consistent increase in stature cannot be assumed.
Comparing groups of women with different educational levels still reveals strong disparities in the Portuguese popula tion. Women of higher educational level are consistently taller than those with a lower educational level. This difference is strikingly visible when comparing women with nine or less years of schooling, which became the Portuguese compulsory schooling level after 1986, with women who attended school for more than nine years (Ensino Secundário -10 th to 12 th grade-and Ensino Superior -University). These findings are similar with those of a recent study on the American population, which estimates SES by income, controlling not only the ratio between the income and the size of the household, but also for the educational level of individuals (Komlos, 2010). As in our case, results found by Komlos (2010) and by Fredriks et al. (2000) show that higher educated levels are associated with higher stature in women. Greatest socioeconomic differences in stature found in the present study (4.2 cm) are similar to that found in Portuguese males, but over a longer period of time (Padez, 2003) . Two potential sources of bias can be detected in our sample. The first is that stature was self-reported by the women during admission in the maternity hospital, and the second is that women with no schooling were excluded from the final sample. The effects of self-reported stature are probably very small because this is a consistent directional bias, which does not affect the actual variations in height between women over the years, and self-reported information on stature has been considered very reliable (Nakamura et al., 1999; Gozzi et al., 2010) . For a similar reason, excluding women with no schooling is unlikely to change variations in stature between groups and years, because they were systematically eliminated. However, this made impossible to assess changes in height at the lowest educational/socioeconomic level.
If one compares the results found in the present study with findings from the only other study of a Mediterranean population (Sanna and Danubio, 2009) , Portuguese women in our sample are, on average, taller (mean height 161.2 cm) than Italian women from Sardinia (159.1 cm), but are shorter when compared to women from Latium (162.4 cm -the Italian region including Rome) (Sanna and Danubio, 2009) . Mean increase in height of Portuguese women born between 1966 and 1982 is considerably less than the increase in height of women from both Italian samples born in the same period. Sanna and Danubio (2009) argue that the differences between women from Latium and women from Sardinia are due to the slowing or stabilization of the secular trend in women from Latium, whereas a continuing secular trend is observed for the Sardinian women. The results are difficult to compare because the Italian samples are small (579 and 179) and SES was assessed based on the occupation of the father. Besides, the sample from Latium is composed only of women from middle/upper classes.
Height is a marker of the biological well-being and general health, at the individual and population level, which is mediated by environmental conditions and family lifestyle choices (Komlos, 2010) . Studies in other European populations suggest that the secular trend is more marked amongst the lower social classes than in the upper ones, at least in males (Laska-Mierzejewska et al., 1982; Chinn et al., 1989; Padez, 2003; Komlos and Baur, 2004) . However, frequently the reverse occurs, where the early impact of improvements in living conditions affect the upper classes first, namely when analysing mortality rates (Marmot et al., 1987; Haines, 1995; Cambois et al., 2001) . Victora et al. (2000) , for example, have shown that improvements in living and health conditions will tend to increase inequity, since the first to benefit are those who are already better off. In a series of papers, Komlos (1987 Komlos ( , 1990 Komlos ( , 1994 Komlos ( , 2008 Europe and the US, shows that marked improvements in the standard of living are not generally translated into an immediate height increase. Indeed, in the early stages of economic development the upper classes will benefit first, and income discrepancies between classes may increase. As social groups diverge, so do their heights. Our data suggest such a tendency if we consider the two extreme educational groups. The most educated women increased in mean height, whereas stature of the least educated fluctuated over time, but at the end of the period under analysis did show a slight decrease. Even if the educational group with a higher difference in height between 1966 and 1982 was a relatively non-educated group (7 to 9 years of schooling), it cannot be concluded that the lower social classes increased more in height. The women belonging to the less educated groups (1 to 4 and 5 to 6 years of schooling) were on average shorter during all the period than the ones belonging to the more educated groups (> 9 years of schooling). Additionally, the first two groups together only increased 0.61 cm in height compared to an increase of 1.99 cm in the two most educated groups. Nonetheless, the results do not show a clear tendency for the higher SES groups to benefit more with better living conditions compared to their lower SES counterparts, because all of the educational groups, except the least educated, seem better off at the 80's than they were at the end of the 60's and the height gains, if analysed group by group, were similar. The least educated group, apparently, did not benefit from the improved living standards. A possible reason could be that women born in the 80's who only completed 4 years of schooling belonged to a more homogenous group in terms of low socioeconomic situation than those born in the 60's. Portuguese males born between 1966 and 1982 showed an almost 4-fold increase in stature compared to the increase in female stature in the same time period. Other studies report a less pronounced secular trend for females (Kuh et al., 1991; Tanner et al., 1982) . This difference may be related to historical and cultural factors that explain preferential treatment of parents towards boys, who tend to benefit from the better life opportunities they provide. Although cultural behaviours are now considerably less detrimental to females, in recent history boys tended to have access to more and better resources, like better nutrition and health care, than their female counterparts. In addition, historically, girls have been exposed to a greater risk for neglect and higher workloads (Cardoso, 2005 (Cardoso, /2006 , and are also more exposed to infections since girls most often looked after the sick (de Beer, 2010) . The sex difference may be related to biological factors. Males are more ecosensitive, as they respond faster to environment modifications of improvement or deterioration (Varela-Silva and Bogin, 2003) . However, other authors found no evidence that males are more sensitive to environmental changes than females (Gustafsson et al., 2007) . Regardless of cultural and biological factors which may explain sex differences in secular trends of height, living standards in Portugal improved from 1960 to 1980, but did not reach all social classes equally and gross inequalities persisted (Cardoso and Caninas, 2010) . Some studies indicate that the gap between the standard of living of the privileged classes and that of the middle and lower classes even widened (Estanque, 2006) .
Conclusion
This study attempts to fill a gap in the literature about secular changes in female stature. Although the period of time considered is short, our findings are important since, to the best of our knowledge, this is the only study reporting changes in Portuguese female stature using recent data. The socioeconomic changes that took place in Portugal in the last three decades are reflected in the increase of mean adult height of men. Our study shows that the increase in the mean height of women is less pronounced, but the trend is, in general, positive. All educational groups increase in height between 1966 and 1982, except for the least educated group (1 to 4 years of schooling) which apparently did not benefit from the improvement of the living conditions. The cause for the sex difference deserves further investigation, but evidence points to important historical and cultural factors which could have been favourable to men. This study has implications for the understanding of future height change in Portugal. Taking into consideration that secular changes in stature are not necessarily positive, but may be negative, depending on the social and economic conditions of a given society, the present time of incertitude, together with the income and social inequality already documented to the period between 1960 and 1982, is likely to result in unexpected consequences for the secular trend in height of the Portuguese.
